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P roatherogenic hyperlipidemic states not only increase the risk of cardiovascular disease in the chronic kidney disease (CKD) population but also increase the risk of worsening renal function. 1, 2 Given the implications that accelerating both cardiovascular disease and renal dysfunction have on morbidity and mortality in this population, investigating the mechanisms of renal glomerular and tubulointerstitial injury observed in this setting is a topic of great interest.
Recently, the apolipoprotein E (apoE) null mouse has been used as a model of hyperlipidemic renal injury and offers a valuable tool to study such mechanisms. 3 On this genetic background, we and others have demonstrated that the class B scavenger receptor CD36 is a key molecule in mediating the inflammation, insulin resistance, and atherogenesis involved in proatherogenic hyperlipidemic states. [4] [5] [6] [7] is expressed on a variety of cell types including monocytes and macrophages 8 and proximal tubular cells (PTCs) 9 and recognizes modified lipoproteins such as oxidized lowdensity lipoprotein (oxLDL) that arise as byproducts during an inflammatory response. 10 Elevated levels of various forms of oxLDL have been demonstrated in proatherogenic hyperlipidemic states such as uremia, 11, 12 and both human and experimental animal studies suggest an important role for scavenger receptors such as CD36 in the uptake of oxLDL and hyperlipidemic kidney injury that leads to inflammation and interstitial fibrosis in CKD. 3, 13, 14 Monocyte CD36 expression and oxidant stress are increased in CKD patients versus controls without renal insufficiency, 15 and increased levels of a circulating form of CD36 in patients with diabetes mellitus and CKD predict cardiovascular mortality in stage Abstract-Proatherogenic, hyperlipidemic states demonstrate increases in circulating ligands for scavenger receptor CD36
(eg, oxidized low-density lipoprotein [oxLDL] ) and the Na/K-ATPase (eg, cardiotonic steroids). These factors increase inflammation, oxidative stress, and progression of chronic kidney disease. We hypothesized that diet-induced obesity and hyperlipidemia potentiate a CD36/Na/K-ATPase-dependent inflammatory paracrine loop between proximal tubule cells (PTCs) and their associated macrophages and thereby facilitate development of chronic inflammation and tubulointerstitial fibrosis. -/-mice had improved creatinine clearance and blood pressure which corresponded histologically with less glomerular and tubulointerstitial macrophage accumulation, foam cell formation, oxidant stress, and interstitial fibrosis. Coimmunopreciptation and a cell surface fluorescence-based crosslinking assay showed that CD36 and Na/K-ATPase α-1 colocalized in PTCs and macrophages, and this association was increased by oxLDL or the cardiotonic steroid ouabain. OxLDL and ouabain also increased activation of Src and Lyn in PTCs. Cell-free conditioned medium from PTCs treated with oxLDL or ouabain increased macrophage migration. OxLDL, ouabain, or plasma isolated from high-fat diet-fed mice stimulated reactive oxygen species production in PTCs, which was inhibited by N-acetyl-cysteine, apocynin, or Na/K-ATPase α-1 knockdown. These data suggest that ligands generated in hyperlipidemic states activate CD36 and the Na/K-ATPase and potentiate an inflammatory signaling loop involving PTCs and their associated macrophages, which facilitates the development of chronic inflammation, oxidant stress, and fibrosis underlying the renal dysfunction common to proatherogenic, hyperlipidemic states. (Hypertension. 5 CKD patients. 16 Interestingly, in a hyperlipidemic model of CKD, CD36 null mice had attenuated renal transforming growth factor-β signaling and nuclear factor-κB activity and displayed significantly reduced macrophage accumulation, oxidative stress, and renal fibrosis. 17 Binding of oxLDL to CD36 initiates Src family kinase activation and a proinflammatory, proatherogenic phenotype in multiple cell types, yet the mechanism of regulation of specific Src family kinases, including Fyn and Lyn, by CD36 remains unresolved. Because we demonstrated previously that the Na/K-ATPase regulates Src family kinases, 18, 19 and because the signaling fraction of the Na/K-ATPase resides in similar cholesterol-rich, detergent-insoluble lipid raft and caveolar domains as CD36, 4, 20 we reasoned that the Na/K-ATPase may be involved in regulating CD36-dependent signaling events mediated by oxLDL. The association of the Na/K-ATPase with pathogenesis of proatherogenic, hyperlipidemic states is not without precedent, as Na/K-ATPase expression and activity is significantly reduced in humans with type 2 diabetes mellitus 21, 22 and obesity, 23 suggesting a possible role of Na/KATPase in these conditions.
In this report, we tested the hypothesis that diet-induced obesity and hyperlipidemia potentiate a CD36-dependent inflammatory paracrine loop between proximal tubule cells and their associated macrophages and thereby facilitates development of chronic inflammation and tubulointerstitial fibrosis. We found that genetic deletion of CD36 on the apoE null background was protective against proatherogenic hyperlipidemic renal injury and identified molecular mechanisms that contributed to this effect.
Methods

Animals and Diets
Littermate derived apoE -/-and apoE -/-/cd36 -/-(10× backcrossed to C57Bl/6), mice were maintained as described previously. 24, 25 Ageand sex-matched mice were fed a high-fat diet (HFD; 36% weight/ weight adjusted calories from fat, Bio-Serv S3282) for ≤32 weeks; controls were maintained on a standard chow diet (Harlan Teklad, TD 2918). All of the animal procedures were approved by the Institutional Animal Care and Use Committee and are more fully described in the online-only Data Supplement.
Reagents, Cell Culture, and Immunoblotting
Tissue culture media, supplements, reagents, and immunoblotting material and methods are described as in the online-only Data Supplement.
In Vitro Adhesion and Migration Assays
Macrophage migration and adhesion were measured as described in the online-only Data Supplement.
In Situ Proximity Ligation Assay, Immunofluorescence Staining, and Confocal Microscopy
The Doulink in situ proximity ligation assay reagent (Olink Biosciences, Uppsala, Sweden) was used as we have described previously to characterize endogenous protein interactions 26 and is described further in the online-only Data Supplement.
Histology and Immunohistochemistry
Histochemical and morphometric analysis was performed on deparaffinized rehydrated 4-µm serial kidney sections processed for staining with F4/80 (AbD Serotec), Galectin-3/MAC-2 (Cedarlane), 8-hydroxy-2'deoxyguanosine (Abcam), glomerular basement membranes (American MasterTech), and picrosirius red as described in the online-only Data Supplement
Statistical Analysis
Data are presented as mean±SEM and are described in the onlineonly Data Supplement. Figure 1B ), although this difference was not seen at 32 weeks. Creatinine clearance and systolic blood pressure did not change significantly in normal chow fed mice ( Figure  S1A and S1B, available in the online-only Data Supplement). Plasma levels of the cardiotonic steroid (CTS) marinobufagenin, an endogenous Na/K-ATPase ligand that is known to be elevated in hypertension, volume expansion, and renal injury, 27, 28 were increased by ≈30% in normal chow-fed apoE
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and apoE -/-/cd36 -/-mice compared with normal chow-fed, age-matched C57/B6 mice, and both groups showed a further 2-fold increase after 12-week HFD (P<0.05; Figure 1C ). As reported previously, both genotypes had equivalent body weights ( Figure S1C and S1D), adiposity, and lipid profiles on this diet. 29 Histological analysis revealed a 3-fold decrease in F4/80+ macrophage staining in apoE
-/-mice compared with apoE -/-mice after a HFD (P<0.05; Figure 2A ), and this corresponded with a >5-fold reduction of foam cell-positive glomeruli in both chow and HFD-fed animals at 32 weeks (P<0.05; Figure 2B ). Galectin-3, a soluble β-galactosidebinding lectin expressed in many cell types including macrophages and renal epithelium, functions as an important regulator of inflammation and promoter of fibrosis in cardiac and renal disease 30, 31 and was highly expressed in the kidneys of apoE -/-mice after HFD feeding. Staining intensity was diminished 2-fold in apoE
-/-mice (P<0.05; Figure  2C ), indicating attenuation of a proinflammatory, profibrotic phenotype. Compared with apoE -/-mice, we found >1.5-fold reduction in staining for 8-hydroxy-2-deoxyguanosine, a DNA adduct that reflects oxidative damage, in both normal chow and HFD-fed apoE
-/-animals (P<0.05; Figure 2D ). Similarly, HFD-fed apoE
-/-mice had >2-fold less renal collagen deposition compared with apoE -/-mice as measured by picosiurius red staining (P<0.05; Figure 2E ). In addition, HFD-fed apoE -/-mice had a 23% increase in glomerular basement membrane thickening compared with apoE
-/-animals ( Figure 2F ). These findings together implicate CD36 as a contributor to the proinflammatory, profibrotic phenotype induced in hyperlipidemic renal injury. To probe mechanisms underlying the protective effect of CD36 deletion on HFD-induced renal injury we first investigated whether NO 2 LDL, a specific CD36 ligand, increased Src family kinase activation in proximal tubular cells similar to the effects that we have reported with the CTS Na/KATPase ligand ouabain. 19 As shown in Figure 3A , we found a >5-fold increase in phosphorylation of both Src (Tyr 416 ) and Lyn (Tyr 396 ) 30 minutes after the addition of NO 2 LDL to HK-2 cells. We also found by coimmunoprecipitation that the addition of NO 2 LDL to LLC-PK1 cells induced a 6-fold increase in association of CD36 with the Na/K-ATPase α-1 subunit ( Figure S2 ). The effect was seen as early as 5 minutes and was sustained for ≥60 minutes ( Figure 3B) . Pretreatment of the cells with the antioxidant N-acetyl-cysteine (NAC) significantly attenuated the association ( Figure 3C ). To demonstrate the interaction of CD36 and the Na/K-ATPase in cells in situ, we used a crosslinking assay that allows direct observation of protein-protein interactions resolved to distances ≤40 nm. 32 We found constitutive interactions between CD36 and the Na/K-ATPase α-1 subunit (denoted by fluorescent spots) under basal conditions in both HK-2 cells and mouse peritoneal macrophages (Figures 3D and 3E) . The interaction was enhanced by the addition of NO 2 LDL, ouabain, or a combination of both ligands ( Figures 3D and 3E ) and not seen with irrelevant IgG (Figure S3 ). These data suggest that oxLDL and/or CTS could promote renal injury by triggering CD36-Na/K-ATPase interactions and subsequent downstream signaling through activation of Src family kinases.
OxLDL Promotes Na/K-ATPase Endocytosis
As seen in Figure 4A and 4B using a surface biotinylation technique, we found that the CD36 ligand NO 2 LDL also induced dose-dependent reduction in cell surface Na/KATPase α-1 subunit expression in both HK-2 cells and mouse macrophages. Notably, this reduction was also induced by incubating cells with plasma from HFD-fed apoE -/-mice. Immunofluorescence microscopy revealed that colocalization of Na/K-ATPase α-1 and clathrin in HK-2 cells was increased after 60-minute incubation with either ouabain or NO 2 LDL and was diminished by pretreatment with NAC ( Figure S4 ). Cell fractionation studies with HK-2 cells showed that ouabain and NO 2 LDL induced an ≈3-fold increase in Na/K-ATPase α-1 subunit accumulation into early endosomes and an ≈3.5-fold increase into late endosomes ( Figure 4C ). Redistribution of Na/K-ATPase α-1 immunoreactivity was also seen in situ in kidney sections from HFD-fed mice where we observed a marked redistribution of staining from tubular basolateral membranes to a more diffuse pattern ( Figure S5 ).
CD36 and Na/K-ATPase Ligands Activate a Proinflammatory Phenotype in Macrophages and Proximal Tubule Epithelial Cells
To determine the functional consequences of Na/KATPase-CD36 signaling in the kidney we exposed LLC-PK1 cells to NO 2 LDL and measured reactive oxygen species (ROS) production. As shown in Figure 5A , NO 2 LDL induced a rapid increase in ROS with a 3-fold increase at 60 minutes compared with control cells. ROS production was significantly attenuated by pretreatment with the antioxidants NAC (84% reduction at 60 minutes) or apocynin (60% reduction at 60 minutes; P<0.01). ROS production was also dramatically attenuated in a dose-dependent fashion by RNA interference-mediated knockdown of the Na/K-ATPase α-1 subunit (22% reduction in ROS with 40% knockdown of Na/K α-1, and 87% reduction in ROS with 90% knockdown of Na/K α-1 at 60 minutes; P<0.01; Figure 5B ). In addition both ouabain and NO 2 LDL elicited proinflammatory cytokine production in human HK-2 cells (Table S1 , available in the online-only Data Supplement). Thus, NO 2 LDL promotes a proinflammatory phenotype in proximal tubule cells, and this requires expression of Na/K-ATPase.
Because macrophage infiltration and foam cell formation were prominent features in our in vivo studies, we also explored the phenotype of macrophages exposed to both CTS and oxLDL. Treatment with ouabain and NO 2 LDL increased inflammatory cytokine production (Table S2) , as well as ROS production ( Figure 5C and 5D). Increases in ROS were attenuated by pretreatment with NAC or apocynin. We used a modified Boyden chamber migration assay to assess the functional interaction between macrophages and proximal tubule cells. HK-2 cells were exposed to various ligands, washed, and then conditioned medium collected and placed in a transwell migration chamber. Conditioned medium from cells treated with ouabain or NO 2 LDL significantly increased macrophage migration compared with medium from control HK-2 cells (30% and 200% increase respectively; P<0.05; Figure 5E ). These increases were similar to those elicited by conditioned medium from HK-2 cells treated with H 2 O 2 or monocyte chemoattractant protein 1. We also found that both ouabain and NO 2 LDL increased macrophage attachment to shaking tissue culture plastic (≥50% increase; P<0.05; Figure 5F ). Taken together, these findings suggest that known Na/K-ATPase and CD36 ligands, such as CTS and oxLDL, are capable of initiating key events (ROS and cytokine production, macrophage migration, and adhesion), which promote an inflammatory phenotype in cell types important for the development of inflammation, oxidant stress, and fibrosis in the kidney.
Discussion
In this report, we provide multiple lines of in vitro and in vivo evidence supporting a mechanistic link among inflammation, oxidative stress, hyperlipidemia, and renal dysfunction mediated by the type 2 scavenger receptor CD36 in agreement with previous evidence from our laboratory and others. 25, 29, 33, 34 This work supports the hypothesis that CD36 not only recognizes pathological ligands and removes them in a physiologic manner, but in circumstances of proatherogenic, hyperlipidemic states such as obesity, these ligands signal via CD36 to affect pathophysiologic inflammatory signaling pathways in the kidney. Our findings further suggest a novel role for the Na/K-ATPase in mediating a proinflammatory signaling loop between macrophages and proximal tubule cells that may contribute to renal fibrosis in hyperlipidemic settings.
CD36 -/-mice on the apoE -/-background were protected from renal inflammation, oxidant stress, and fibrosis induced by HFD feeding: they demonstrated significantly lower levels of renal foam cell formation, as well as improved creatinine clearance and blood pressure compared with apoE -/-mice, despite equivalent levels of the CTS marinobufagenin. Although the blood pressure reduction in CD36 -/-mice was not sustained for the duration of the study, it is possible that it accounts for some of the reduced renal injury and inflammation as well. In this same HFD feeding model, we have demonstrated previously that macrophages from CD36 -/-mice secreted less proinflammatory cytokines and ROS, had increased arginase activity, and had decreased expression of key inflammatory mediators. 29 In addition, in the current study, conditioned medium from HK-2 proximal tubule cells stimulated with oxLDL and CTS had important functional consequences related to inflammation: conditioned medium from HK-2 cells treated with these ligands contained elevated levels of proinflammatory cytokines and also enhanced macrophage migration, suggesting that soluble factors released from PTCs in response to CD36 signaling may play an important role in macrophage recruitment and inflammation in the kidney as observed in in vivo studies.
CD36 Signaling Partners in the Kidney: Src Kinases and the Na/K-ATPase
Our understanding of the mechanisms by which CD36 can activate multiple signaling pathways in multiple cell types despite its short cytoplasmic domains and the lack of requisite signaling features, such as scaffolding domains, intrinsic kinase or phosphatase activity, or links to GTPases, remains a topic of intense research. Although it is clear that a common theme in CD36 signal transduction is activation of Src family kinases and mitogen-activated protein kinases, 35 the mechanisms underlying this interaction are unknown. CD36 has been shown to coprecipitate with Src kinases and upstream mitogen-activated protein kinase kinases in multiple cell types, and engagement with ligands such as oxLDL increases the amount of activated Src kinases in the precipitates. 36, 37 These studies suggest that CD36 associates with and participates in assembly of a dynamic signaling complex essential to downstream functions.
Given the regulation of Src family kinases by the Na/KATPase, 18, 19 as well as its residence in similar cholesterol-rich, detergent-insoluble lipid raft and caveolar domains as CD36 4, 20 , we hypothesized that the Na/K-ATPase may be involved in 
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Fold Change regulating the CD36-dependent signaling events mediated by oxLDL. Indeed, using both conventional coimmunoprecipitation and a novel proximity ligation assay, we confirmed the association of CD36 with the Na/K-ATPase in both PTCs and macrophages. This association was enhanced by prototypical ligands for both of these receptors and attenuated with the addition of the antioxidant NAC. Furthermore, reduction of Na/K-ATPase α-1 in PTCs resulted in dose-dependent reductions in ROS generation in response to a specific oxLDL ligand for CD36. These data suggest that CD36 may partner with the Na/K-ATPase in these cells types and that ROS are important second messengers in the cross-talk, potentiating a proinflammatory feedback loop between macrophages and PTCs.
Implications of Na/K-ATPase Signaling in Obesity and CKD
Although initially discovered as an ion pump, cumulative studies from multiple laboratories have shown that the Na/KATPase is also a signal transducer involved in the regulation of several gene-regulatory second messengers and pathways. 38 Na/K-ATPase-mediated signaling directs a number of important cellular functions, including protein trafficking, gene expression, cell growth, cardiac and renal fibrosis, and ROS production (reviewed in References 38 and 39).
Obesity is a volume expanded state that increases risk for progressive CKD and end-stage renal disease 1, 40 and is accompanied by increases in CTS, endogenous ligands for the Na/KATPase. 41 Increases in the circulating concentrations of CTS has been postulated in CKD as an adaptive response to volume expansion. Here, volume may be reduced when CTSs induce endocytosis of PTC Na/K-ATPase, removing it from the basolateral membrane, reducing the vectorial transport of sodium from the tubular lumen to the blood compartment, and thus increasing sodium excretion. 38, 39 In the current study we identified elevated levels of the CTS marinobufagenin in the hyperlipidemic apoE -/-model. In addition, we found that both NO 2 LDL and plasma from hyperlipidemic mice induced dose-dependent reductions in cell surface Na/K-ATPase in PTCs similar to the effects of the CTS ouabain. Interestingly, in kidneys from HFD-fed mice, we also noted an apparent redistribution of the Na/KATPase α-1 from basolateral membranes in chow-fed mice to a more diffuse tubular distribution after HFD. This endocytosis was also evidenced by accumulation of the plasmalemmal Na/K-ATPase in early and late endosomes and by colocalization studies of Na/K-ATPase α-1 and clathrin in HK-2 PTCs. Together, these findings indicate that, similar to known effects of CTSs, endocytosis of the plasmalemmal Na/K-ATPase also 
Perspectives
In the present study we provide evidence supporting the role of CD36 as a mediator of oxLDL-induced inflammation in the kidney, which provides a potential signaling pathway to be targeted by therapeutics. This is particularly relevant because proatherogenic, hyperlipidemic states such as obesity significantly increase circulating levels of oxLDL and are associated with increased cardiovascular morbidity and mortality. Multiple human and experimental animal models support a causal relationship between hyperlipidemia and renal injury. 3, 42, 43 In the RENAAL (Reduction of Endpoints in Non-Insulin-Dependent Diabetes Mellitus With the Angiotensin II Antagonist Losartan) study, increased total and low-density lipoprotein cholesterol and triglycerides were associated with an increased risk of doubling of serum creatinine, end-stage renal disease, and all-cause death. 2 Patients with hyperlipidemia are at increased risk for progressive renal disease, 40, 44 whereas elevated cholesterol and obesity have been associated with glomerular structural changes and end-stage renal disease. 1, 45 Furthermore, lipid-lowering therapy has shown promise in attenuating renal injury in this population. 46 These data suggest that ligands generated in volumeexpanded, hyperlipidemic states such as obesity activate CD36 and the Na/K-ATPase, both of which involve activation of Src family kinases and ROS generation. We propose that CD36 and the Na/K-ATPase act synergistically through shared ligands or downstream molecular cross-talk in the kidney to potentiate an inflammatory paracrine loop between PTCs and their associated macrophages. The paracrine effects of elevated ROS and cytokines in these cell types facilitates the development of chronic inflammation, oxidant stress, and fibrosis underlying the renal dysfunction common to proatherogenic, hyperlipidemic states ( Figure 6 ). 
Sources of Funding
Disclosures
None. Figure 6 . Proposed mechanism of a CD36-Na/K-ATPase signaling loop, which leads to inflammation and oxidant stress in proximal tubules cells and macrophages and contributes to renal interstitial fibrosis. Ligands generated in volumeexpanded, hyperlipidemic states such as obesity activate CD36 (oxidized low-density lipoprotein [oxLDL] ) and the Na/K-ATPase (cardiotonic steroid [CTS]), both of which involve activation of Src family kinases ( Figure 3A ) and ROS generation ( Figure 5A through 5C). We propose that CD36 and the Na/K-ATPase act synergistically ( Figure 3B through 3E) through shared ligands or downstream molecular cross-talk in the kidney to potentiate an inflammatory paracrine loop between proximal tubule cells (PTCs) and their associated macrophages (Figures 2, 5D , and 5E and Tables S1 and S2 ). The paracrine effects of reactive oxygen species (ROS) and cytokine release may facilitate the development of chronic inflammation, oxidant stress, and fibrosis underlying the renal dysfunction common to proatherogenic, hyperlipidemic states. This proposed model is further supported by data in macrophages demonstrating that oxLDL activates Lyn, c-Jun N-terminal kinase (JNK), ROS, and inflammatory cytokines 25, 29, 37, 47 and in proximal tubule cells that demonstrate that cardiotonic steroids activate Lyn, mitogen-activated protein kinase (MAPK), and ROS.
What Is New?
• • This work demonstrates a functional role for the type 2 scavenger receptor CD36 on proximal tubule cells and shows for the first time that CD36 and the Na/K-ATPase function together to respond to endogenous ligands generated in circumstances of obesity and hyperlipidemia to trigger a proinflammatory signaling pathway in the kidney.
What Is Relevant?
• • These findings provide a mechanistic connection between proatherogenic, hyperlipidemic states and the renal glomerular and tubulointerstitial injury observed in this setting.
Summary
The present study supports a mechanistic link between proatherogenic, hyperlipidemic states such as obesity and renal inflammation, oxidative stress, and fibrosis mediated by the type 2 scavenger receptor CD36. This work supports the hypothesis that CD36 not only recognizes pathological ligands and removes them, a physiologic role, but in circumstances of obesity and hyperlipidemia, these ligands signal via CD36 in cooperation with the Na/K-ATPase to affect proinflammatory signaling pathways in a pathophysiologic response. This newly recognized role of CD36 has the potential to be targeted by therapeutics. 
Novelty and Significance
SUPPLEMENTAL METHODS
Assessment of blood pressure and renal function
Conscious blood pressure was monitored at the indicated times using the tail-cuff method (IITC Life Science) 1, 2 . Prior to sacrifice, urine was obtained from individual mice housed in metabolic cages for 24 hours. Blood samples were collected via cardiac puncture. Urine and plasma creatinine concentrations were determined by a modification of the Jaffé's reaction method with use of the Abbott Architect platform (Abbott Architect ci8200, Abbott Park IL). Plasma levels of the cardiotonic steroid (CTS) marinobufagenin (MBG) were determined using a competitive ELISA based on 4G4 anti-MBG murine monoclonal antibody 3 .
Reagents and Cell Culture
Tissue culture media and supplements were from Life Technologies. All other chemicals and reagents, including ouabain, were from Sigma. Peritoneal macrophages were obtained by lavage 4 days after injection with thioglycollate and adherent cells maintained in culture as described 4 . The human HK-2 and porcine LLC-PK1 renal proximal tubule cell lines were obtained from American Tissue Type Culture Collection (Manassas, VA). Sublines of LLC-PK1 cells expressing Na/K-ATPase-α1 small interfering RNA to knock down expression by 40% (A411 cells) or 90% (PY-17 cells), or control transfected cells (P-11) were cultured in the same manner as the parent cells 5 . A form of oxLDL (referred to as NO 2 LDL) specific for CD36 was prepared by exposure of human LDL to a myeloperoxidase (MPO)/H 2 O 2 /NO 2 -generating system as previously described 6 .
HK-2 cells were cultured in Dulbecco's modified Eagle's medium/F-12 mixed medium (1:1, vol/vol), with 10% FBS, 100 U/ml penicillin, and 100 µg/ml streptomycin. LLC-PK1 P11, A411, and PY-17 cells were serum-starved for 16-18 h before treatment, and HK-2 cells were changed to medium containing 1% FBS for 16-18 h before treatment. A form of oxLDL (referred to as NO 2 LDL) specific for CD36 was prepared by exposure of human LDL to a myeloperoxidase (MPO)/H 2 O 2 /NO 2 -generating system as previously described 6 . Native LDL and LDL exposed to MPO and H 2 O 2 in the absence of NO 2 -were used as controls. After oxidation, LDL was stored under nitrogen gas in buffer containing EDTA, catalase, and butylated hydroxytoluene, and used within 2 weeks.
Preparation of tissue homogenates, cell lysates, and immunoblotting
Tissues were homogenized in a mortar with pestle under liquid nitrogen prior to transfer to homogenization buffer. Cells were washed with ice cold PBS and then homogenized on ice directly in culture plates. The homogenization buffer contained 20 mM Tris-HCl, pH 7.4, 150 mM NaCl, 1mM EDTA, 1mM EGTA, 1% Triton X-100, 2.5mM sodium pyrophosphate, 1mM sodium orthovanadate, 1mM beta-glycerophosphate and protease inhibitor cocktail (complete Mini, EDTA-free; Roche). Samples were rotated at 4º C for 30 minutes prior to centrifugation for 15 minutes. Supernatant was collected and total protein of the whole cell lysate was determined using the detergent-compatible modified Lowry assay (BioRad). Equal amounts of protein were prepared using standard biochemical methods and subjected to SDS-PAGE and electrotransfer to Immobilon-P membranes (Millipore). Membranes were incubated with antibodies to: phospho-Lyn(Tyr 386 ) (Abcam); Src and phospho-Src(Tyr 416 ) (Cell Signaling Technology); β-actin (Santa Cruz Biotechnology); CD36 (Novus Biologicals); Na/KATPase α-1 (clone a6F, Developmental Studies Hybridoma Bank). Immunoprecipitations were performed as described previously 6, 7 and the precipitated protein complexes were subjected to immunoblot as described above. Immunoreactive bands were detected using the SNAP i.d.™ Protein Detection System (Millipore) and Super Signal Chemiluminescent Substrate Products (Pierce). Band intensities were determined by densitometry using the ImageQuant TM system and software (GE Healthcare). In some studies cell surface proteins were labeled by biotinylation as previously described 7 . Biotinylated proteins were purified on immobilized streptavidin-agarose beads and then analyzed by immunoblot as above.
Detection of reactive oxygen species (ROS), and Cytokine/Chemokines Assays Oxidative burst in macrophages was measured using Fc OxyBURST Green assay (Molecular Probes). Pooled peritoneal macrophages were plated at 1.2 x 10 5 cells/well in 96 well plates, and co-incubated with 50 ug/ml MPO/H 2 O 2 /NO 2 -oxidized LDL (NO 2 LDL) or ouabain and Fc OxyBURST reagent on a rocking platform at 37º C and 5% CO 2 , and then analyzed using a fluorescent microplate reader (Gemini EM, Molecular Devices) with 490 nm excitation and 520 nm emission. Cells were collected into 0.2 N NaOH for protein normalization. Similarly, in LLC-PK1 cells, measurement of reactive oxygen species (ROS) was performed using the oxidant sensitive dye, 5-(and-6)-carboxy-2',7'-dichlorodihydrofluorescein diacetate (carboxy-H 2 DCFDA) (Life Technologies). Cells were grown to confluence in 96 well plates, and coincubated with NO 2 LDL or ouabain and carboxy-H 2 DCFDA reagent on a rocking platform at 37º C and 5% CO 2 , and then analyzed using a fluorescent microplate reader (Gemini EM, Molecular Devices) with 490 nm excitation and 520 nm emission. Cytokine levels in conditioned media pooled from mouse macrophages was determined using the Proteome Profiler Mouse Cytokine Array, Panel A Array Kit (R&D Systems) and from HK-2 proximal tubule cells using the Human Inflammation Array 3 (RayBio®).
In vitro adhesion and migration assays
Macrophage migration was measured with a modified Boyden chamber using Transwell inserts with an 8µM porous membrane (Corning). HK-2 cells were treated for 12hr with combinations of ouabain, NO 2 LDL, H 2 O 2 , and MCP-1 then washed and incubated with serum-free medium for 8hr. Macrophages (300µL; 0.5x10 6 /mL) were then loaded into the migration chamber with the conditioned media and after 16hr the cells were removed from the upper side of membranes. Nuclei of migrated cells on the lower side of the membrane were stained with DAPI and visualized by fluorescence microscopy. The number of migrated cells was determined by averaging four fields.
For the adhesion assay, macrophages were plated onto treated tissue-culture plastic (Corning) at 0.5x10 6 cells per mL and placed on an orbital shaker at 60rpm for 18hr with vehicle, NO 2 LDL, or MCP-1. Plates were washed and adherent macrophages counted and expressed as a fraction of bound cells relative to bound control cells.
Preparations of endosomes
Endosomes were fractionated on a floating gradient using the technique of Gorvel et al 8 . The early endosomal fraction was collected at the 16% to 10% sucrose interface and the identity of the fractions was determined with antibody against early endosomal antigen 1 7, 9 .
In situ proximity ligation assay (PLA), immunofluorescence staining and confocal microscopy This oligonucleotide based cross-linking system detects interactions (denoted by fluorescent dots) when two different protein species are spatially located within 40nm of each other. Macrophages and HK-2 cells were plated on glass chamber slides (Millicell EZ Slide TM , Millipore) and after incubating with CD36 and Na/K-ATPase α-1 antibodies for 1hr the oligonucleotide-labelled PLA probes were added. Negative control slides were incubated with CD36 and CD31 antibodies before incubation with PLA probes. Samples were mounted with the Duolink mounting medium and PLA images were acquired using a Leica laser-scanning confocal microscope (Wetzlar, Germany).
Immunofluorescence staining and confocal microscopy Cells were fixed with cold absolute methanol, permeabilized in PBS-Ca-Mg containing 0.3% Triton X-100 and 0.1% BSA, and blocked in buffer containing 0.3% Triton X-100 and 16% (v/v) filtered normal goat serum for 30 min 7 . The cells were then probed with monoclonal Na/KATPase α-1 (clone 464.6, Millipore) and polyclonal anti-clathrin antibody (BD Transduction Laboratories) overnight at 4°C. Bound antibody was detected with Alexa Fluor ® -488 or Alexa Fluor ® -546-conjugated anti-mouse or anti-rabbit secondary antibodies. After washing, the specimens were mounted using Vectashield ® with DAPI (Vector Labs) and stored at −20°C. Fluorescence intensity was examined by confocal microscopy (Leica) and contrast and brightness were set to ensure that all pixels were within the linear range.
Histology and Immunohistochemistry
Deparafinized rehydrated 4µm serial kidney sections were incubated in 3% H 2 O 2 followed by 5% milk, and then overnight (4°C) with anti-F4/80 (AbD Serotec), anti-MAC-2 (Cedarlane), anti-8-hydroxy-2'deoxyguanosine (Abcam) or isotype matched controls. Histochemical reactions were performed using the EnVision ® Doublestain System kit (DakoCytomation) counterstained with hematoxylin. Glomerular basement membranes were detected using the Jones Basement Membrane Reticulum Stain Kit (American MasterTech) and basement membrane width was expressed as the arithmetic mean value of 16 measurements of at least 5 random non-oblique sectioned glomeruli per section (with at least 5 sections per animal from each experimental group) 10, 11 . Morphometric analysis was performed using QCapture Pro 6.0 to quantify the glomeruli area, basement membrane width, and total number of glomeruli present in each kidney section. The kidney sections were also mounted under a Leica DM 2500 microscope equipped with a QImaging MicroPublisher 5.0 RTV camera to perform wide field microscopy to quantify total number of glomeruli. For picrosirius staining of collagen, kidney sections were stained with saturated picric acid containing 0.1% Sirius red (Sigma) for 1hr in the dark. Bright light and polarized images were taken on a Leica DMR upright microscope equipped with a QImaging Retiga EX camera using Image-Pro Plus software (Version 5.1.2.59, MediaCybernetics). For quantitative morphometric analysis, eight randomly chosen cortical fields (at least 6 from each animal from experimental group) lacking major blood vessels were digitized and the collagen volume determined using an Image J software macro (National Institutes of Health) as previously described 2 .
Statistical Analysis
Data are presented as mean ± standard error of the mean. Data were first tested for normality using the D'Agostino-Pearson omnibus test. If the data did not pass the normality test, the Tukey test (for multiple groups) or the Mann-Whitney Rank Sum test were used. If the data passed the normality test parametric comparisons were performed. If more than two groups were compared, one-way analysis of variance was performed prior to comparison of individual groups with the unpaired Student's t-test with Bonferroni's correction for multiple comparisons. If only two groups of normal data were compared, the Student's t-test was used without correction. Statistical analysis was performed using GraphPad Prism®. 
Figure S5
Na/K α-1
Normal Chow High Fat Diet 50 um Figure S5 . Na/K-ATPase α-1 immunohistochemistry demonstrates distinct tubular basolateral membrane staining in normal chow fed mouse kidney (left) with a more diffuse pattern in high fat diet fed mice (right).
